36 type a plus sign (+) in; 



UTILITY 
PATENT APPLICATION 
TRANSMITTAL 



(Only for new nonprovisional applications ur 



' i PTO/SB/05 (1/98) 

T%prove(?for use through 09/30/2000 0MB 0651-0032 
id Trademark Office US DEPARTMENT OF COMMERCEq 
unless i1 displays a valid 0MB control number 



Attorney Docket No. 0756-2222 



First Inventor or Application Identifier: Shunpei YAMAZAKI et al. 
Title. METHOD FOR FABRICATING A SEMICONDUCTOR DEVICE 



Express Mail Label No. 



APPLICATION ELEMENTS 

See MPEP chapter 600 concerning utility patent application contents 



ADDRESS TO; 



Assistant Commissioner ft 
Box Patent Application 
Washington. DC 20231 



1. [X] Fee Transmittal Form (eg,PT0/SB/1 7) 

(Submit an original, and a duplicate for fee processing) 

2. [X] Specification Total Pages [49] 

(preferred arrangement set fortii below) 

- Descriptive title of the Invention 

- Cross References to Related Applications 

- Statement Regarding Fed sponsored R&D 

- Reference to Microfiche Appendix 

- Background of ttie Invention 

- Brief Summary of thie Invention 

- Brief Description of the Drawings (if filed) 

- Detailed Description 

- Claim(s) 

- Abstract of the Disclosure 

3. [X] Drawing(s) (35 USC 113) Total Sheets [7] 

4. [X] Oath or Declaration Tofa/ Pages [3] 

a [ ] Newly executed (original or copy) 
b. [X] Copy from a prior application (37 CFR 1 63(d)) 
(for conVnuation/dnrisional with Box 17 completed) 
[Note Box 5 below] 
i [ ] DELETION OF INVENTOR(S) 
Signed statement attactied deleting 
Inventor(s) named in ttie prior application, 
see 37 CFR 1 .63(d)(2) and 1 33(b) 

5. [X] Incorporation By Reference (useable if Box 4b is checked) 

The entire disclosure of the prior application, from which a 
copy of the oath or declaration is supplied under Box 4b, 
is considered to be part of the disclosure of the 
accompanying application and is hereby incorporated by 
reference therein 



[ ] Microfiche Computer Program (Appendix) 



and/or Ammo Acid Sequence Submission 
(tf applicable, all necessary) 
a [ ] Computer Readable Copy 
b [ ] Paper Copy (identical to computer copy) 
c [ ] Statement verifying identity of above copies 



ACCOMPANYING APPLICATION PARTS 

8 [ ] Assignment Papers (cover sheet & document(s)) 

9 [ i 37 CFR 3 73(b) Statement [ ] Power of Attorney 

(when there is an assignee) 

10 [ ] English Translation Document (/fappZ/cab/ej 

11 [X] Information Disclosure Statement [] Copies of IDS 

(IDS)/PTO-1449 Citations 

12 [X] Preliminary Amendment 

13 [X] Return Receipt Postcard (MPEP 503) 

(Should be specifically itemized) 

14 [ ] *Small Entity [ ] Statement filed in prior application, 

Statement(s) Status still proper and desired 

(PTO/SB/09-12) 

15 [ ] Certified Copy of Prionfy Document(s) 

(if foreign priority is claimed) 

16 [X] Other Noticeof Change of Company Name and Address 



*A new statement is required to be entitled to pay small entity fees, 
except where one has been filed in a prior application and is being 
relied upon. 



17. !f a CONTINUING APPLICATION, check appropriate box, and supply ttie rsquisite information below. 

Divisional of prior application Serial No. 08/784,290, filed January 16, 1997 
Prior application information: Examiner: B, Dutton Group/Art Unit: 2823 



preliminary amendment 



18. CORRESPONDENCE ADDRESS 



or Bar Code Label 



or [X] Con-espondence ac 



(Insert Cl 



Name Jeffrey L Costellia 

Firm. NIXON PEABODY LLP 

Address 8180 Greensboro Drive, Suite 800 

City McLean State VA 

Country. U S.A. Telephone (703) 790-91 10 



Name: Eric J. Robinson 



Registration No. 38,285 



Signature 



Date: October 31 , 2000 



lour Statement This form is estimated to take 0.2 
are required to complete this form should be ser 
FORMS TO THIS ADDRESS SEND TO. / 



; to complete Time will vary depending upon the needs of the individual case 
le Chief Information Officer, Patent and Trademark Office, Washington, DC 20231 DO NOT SEND FEES OR 
3nt Commissioner for Patents, Box Patent Application, Washington, DC 20231 



PTO/SB/17 (1/98) 

Approved for use through 09/30/2000 0MB 0651-0032 
Id Tradema* Office U S DEPARTMENT OF COMMERCE 



FEE TRANSMITTAL 

Patent fees are subject to annual revision on October 1 
These are the fees effective October 1, 1997 Small Entity 
payments must be supported by a small entity statement, 
otherwise large entity fees must be paid See Forms 
PTO/SB/09-12 


Complete If Known 


Application Number 




Filing Date 


October 31, 2000 


First Named Inventor 


Shunpei YAMAZAKI et al 


Examiner Name 


B Dutton 


Group Art Unit 


2823 


TOTAL AMOUNT OF PAYMENT | $1,040 00 


Attorney Docket Number 


0756-2222 



METHOD OF PAYMENT (check one) 



FEE CALCULATION (continued) 

3 ADDITIONAL FEES 
Large Entity Small Entity 



. [X] The Commissioner IS hereby authorized to oJiargeini 
credit any over payments to" 
Deposit Account No 19-2380 
Deposit Account Name NIXON PEABODY LLP 



FEE CALCULATION 



106 320 206 160 

107 490 207 245 



Utility filing fee 
Design filing fee 
Plant filing fee 
Reissue filing fee 



Fee Paid 
[710] 



2. EXTRA CLAIM FEES Extra Claims Fee from Below Fee 
Paid 

Total Claims 25 - 20" = 5 X$18 00 =$90.00 

Independent Claims _6 - 3" = 3 X $80 00 =$240.00 

Multiple Dependent Claims $270.00 = $ 

"or number previously paid, if greater, For Reissues, see below 

Large Entity Small Entity 

Fee Fee Fee Fee Fee Description 

Code ($) Code ($) 

103 18 203 9 Claims in excess of 20 

102 80 202 40 Independent claims in excess of 3 

104 270 204 135 Multiple dependent claim 

109 80 209 40"Reissue independent claims over original patent 

110 18 210 9 "Reissue claims in excess of 20 and over onginal 



SUBTOTAL (2) 



$330.00 



Fee Descnption 



Surcharge-late provisional filing 



Requesting publication of SIR 
pnor to Examiner action 
Requesting publication of SIR 
after Examiner action 
Ext for reply within first month 
Ext for reply within second mth 
Ext for reply within third mth 
Ext for reply within fourth mth 
Ext for reply within fifth month 
Notice of Appeal 
Filing bnef in support of appeal 
Request for Oral Heanng 
Petition to institute public use 
proceeding 

Petition to revive-unavoidable 
Petition to revive-unintentional 
Utility issue fee (or reissue) 
Design issue fee 
Plant issue fee 

Petitions to the Commissioner 
Petitions related to provisional 
applications 
Submission of IDS 
Recording each patent 
assignment per property (times 
number of properties) 
Filing a submission after final 
rejection (37CFR1 129(a)) 
For each additional invention to 
be examined (37 CFR 1 .129(b)) 

Other 

Other 



SUBMITTED BY 



Typed or Printed 
Name 



Eric J. Robinson 



Complete (If applicable) 
Number 38,2g5 



Deposit Account 
User ID 



Burden Hour Statement- This form Is estimated to take 0 2 hours to complete Time will vary depending upon the needs of the individual case. Any comments on 
the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington, DC 20231 
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Assistant Commissioner for Patents, Washington, DC 20231 . 



Docket: 0756-2222 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re DIVISIONAL Application of 
Shunpei YAMAZAKI et al. 
Based On Serial No. 08/784,290 
Which Was Filed: January 16, 1997 
For: METHOD FOR FABRICATING 
A SEMICONDUCTOR DEVICE 



) 
) 

) Art Unit: 2823 

) Examiner: B. Dutton 

) 

)Date: October 31, 2000 



PRELIMINARY AMENDMENT 

Honorable Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Please preliminarily amend the subject application as follows: 



IN THE SPECIFICATION : 



Before the first sentence of the specification, insert -This application is 
a Divisional of Apphcation Serial No. 08/784,290, filed January 16, 1997.- 



-2- 



Docket: 0756-2222 



REMARKS 



This application has been amended to include the continuing appHcation 



Examination on the merits is requested. 



Eric J. Robinson 
Registration No. 38,285 

NIXON PEABODY LLP 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 



data thereof. 



Respectfully submitted. 




Method for Fabricating A Semiconductor Device 



Field of the Invention 

The present invention relates to a semiconductor device typified by a thin film 
transistor and to a fabrication method thereof. Specifically, the present mvention relates 
to a semiconductor device using a crystalline silicon thin film formed on a glass substrate 
or a quartz substrate and to a fabrication method thereof. 

Description of Related Art 

Hitherto, there has been known a thin fihn transistor using a silicon film, i.e. a 
technology for forming the thm film transistor by using the silicon film formed on a glass 
substrate or quartz substrate. 

The glass substrate or quartz substrate is used because the thin fihn transistor is 
used for an active matrix type liquid crystal display. While a thin fihn transistor has been 
formed by using an amorphous silicon fihn in the past, it is being tried to fabricate the 
thm film transistor by utilizing a silicon film havuig a crystallinity (referred to as 
"crystalline silicon fihn" hereinbelow) in order to enhance its performance. 

The thin 'film transistor using the crystalline silicon film can operate at high speed 
by more than two digits as compared to one using an amorphous silicon film. Therefore, 
while peripheral^ driver circuits of an active matrix liquid crystal display have been 
composed of external IC circuits, they may be built on the glass substrate or quartz 
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substrate similarly to the active matrix circuit. 

Such structure is very advantageous in miniaturizing the whole apparatus and in 
simplifyuig the fabrication process, thus leading to reduction of the fabrication cost. 

In general, a crystalline silicon film has been obtained by forming an amorphous 
silicon film by means of plasma CVD or low pressure thermal CVD and then by 
crystallizing it by performing a heat treatment or by irradiating laser light. 

However, it has been difficult to obtain a required crystallinity across the wide area 
through the heat treatment because it may cause nonuniformity in flie crystallization. 

Further, although it is possible to obtain the high crystallinity partly by irradiating 
laser light, it is difficult to obtain a good annealing effect across the wide area. In 
particular, the irradiation of the laser light is apt to become unstable under the conditions 
needed for obtaining the good crystallinity. 

Meanwhile, a technology described in Japanese Patent Laid-Open No. Hei. 6- 
232059 has been known. This technology obtains a crystalline silicon film through a heat 
treatment at a lower temperature than that of the prior art by introducing a metal element 
(e.g. nickel) which promotes the crystallization of silicon to the amorphous silicon film. 

This technology allows high crystallinity to be obtained uniformly across a wide 
area as compared to the prior art crystallization metibod by way of only heating or 
crystallization of an amorphous silicon film only by means of irradiation of laser light. 

However, it is difficult to obtain a crystallme silicon fihn having high crystallinity 
and homogeneity across a wide area which is required for an active matrix type liquid 



crystal display. 

Further, because the metal element is contained within die film and an amount 
thereof to be mtroduced has to be controlled very carefully, there is a problem in its 
reproducibility and stability (electrical stability of a device obtained). 

Still more, there is a problem that an elapsed change of the characteristics of a 
semiconductor device to be obtained is large or an OFF value, in case of a thin film 
transistor, is large, due to the influence of the remaining metal element. 

That is, although the metal element wliich promotes the crystallization of silicon 
plays the useful role in obtaining the crystalline silicon film, its existence becomes a 
negative factor which causes various problems after obtaining the crystalline silicon film 
once. 

Summary of the Invention 

It is an object of die invention disclosed in the present specification to provide a 
semiconductor device having excellent characteristics by using a crystalline silicon fibn 
having a high crystallinity. 

It is an object of the invention disclosed in the present specification to provide a 
technology for reducing concentration of a metal element within a crystalline silicon fibn 
obtained by utilizing the metal element which promotes crystallization of silicon. 

It is another object of the present invention to provide a technology which can 
enhance characteristics and reliability of the semiconductor device thus obtained. 
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One of the mventions disclosed in the present specification is characterized in that 
it comprises steps of intentionally introducing a metal element which promotes 
crystallization of silicon to an amorphous silicon film and crystallizing the amorphous 
silicon fihn by a fu-st heat treatment to obtain a crystalline silicon fihn; irradiating laser 
light or intense light to the crystalline silicon fihn; removing or reducing the metal 
element existing within the crystalline silicon film by performing a second heat treatment 
within an oxidizing atmosphere containing a halogen element; removing a thermal oxide 
film formed in the previous step; and forming another thermal oxide film on the surface 
of the region from which the thermal oxide film has been removed by performmg another 
thermal oxidation. 

An arrangement of another invention is characterized in that it comprises steps of 
intentionally mtroducing a metal element which promotes crystallization of silicon to an 
amorphous silicon fihn and crystallizmg the amorphous silicon fihn by a first heat 
treatment to obtain a crystalline silicon fihn; irradiating laser light or mtense light to the 
crystallme silicon film to diffuse the metal element, existing within the crystalline silicon 
fihn, in the crystalline silicon fihn; performing a second heat treatment within an 
oxidizing atmosphere containing a halogen element to cause the metal element existmg 
within the crystalline silicon fihn to be gettered to a thermal oxide fihn to be formed; 
removing the thermal oxide fihn formed in the previous step; and formmg another 
thermal oxide fihn on the surface of the region from which the thermal oxide fihn has 
been removed by performing another thermal oxidation. 
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An arrangement of another invention is characterized m that it comprises steps of 
intentionally mtroducmg a metal element which promotes crystallization of silicon to an 
amorphous silicon fihn and crystallizing the amorphous silicon fihn by a first heat 
treatment to obtam a crystalline silicon fihn; forming an active layer of the semiconductor 
device by pattemmg the crystalline silicon fihn; irradiatmg laser light or intense light to 
the active layer; performmg a second heat treatment within an oxidizing atmosphere 
containing a halogen element to remove or reduce the metal element existing withm the 
active layer; removmg a thermal oxide fihn formed m the previous step; and formmg 
another thermal oxide fihn on the surface of tlie active layer by performing another 
thermal oxidation. 

An arrangement of another invention is characterized in that it comprises steps of 
intentionally and selectively mtroducmg a metal element which promotes crystallization 
of silicon to an amorphous silicon fihn; performmg a first heat treatment to the 
amorphous silicon fihn to grow crystal m a direction parallel to the fihn from a region 
of the amorphous silicon film mto which the metal element has been intentionally and 
selectively introduced; irradiatmg laser light or intense light to diffuse the metal element 
existing withm the region where the crystal has grown; performmg a second heat 
treatment within an oxidizing atmosphere containmg a halogen element to cause the metal 
element existmg within the region where the crystal has grown to be gettered to a thermal 
oxide film to be formed; removmg the thermal oxide film formed in the previous step; 
and formmg another thermal oxide fihn on the surface of the region from which the 

5 



thermal oxide film has been removed by performing another thermal oxidation. 

An arrangement of another invention is characterized in that it comprises steps of 
intentionally introducing a metal element which promotes crystallization of silicon to an 
amorphous silicon film and crystallizing the amorphous silicon film by a first heat 
treatment to obtain a crystalline silicon fihn; forming an active layer of the semiconductor 
device by patterning the crystalline silicon film; irradiating laser light or intense light to 
the active layer; performing a second heat treatment within an oxidizing atmosphere 
containing a halogen element to remove or reduce the metal element existing within the 
active layer; removing a thermal oxide film formed in the previous step; and forming 
another thermal oxide film on the surface of the active layer by performing another 
thermal oxidation, wherein the active layer has a tapered shape in which an angle formed 
between a side face and an underlying face is 20° to 50°. 

In the invention disclosed in the present specification, one or a plurality elements 
selected from Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au may be used as the metal 
element which promotes the crystallization of silicon. 

Further, as the oxidizing atmosphere containing the halogen element, an 
atmosphere to which one or a plurality of gases selected from HCl, HF, HBr, Clj, F2 or 
Br2 is added mto an O2 atmosphere or an atmosphere containing O2 may be used. 

The concentration of unpurity in the present specification is defined as the 
minimum value ~of measured values measured by the SIMS (secondary ion mass 
spectrometry). 
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According to a preferred mode for carrying out the invention disclosed in die 
present specification, an amorphous silicon film is formed at first. Then, the amorphous 
silicon fihn is crystallized by an action of metal element typified by nickel which 
promotes crystallization of silicon to obtain a crystallme silicon film. The crystallization 
is carried out by heat treatment. 

This heat treatment is performed withui a range of 550°C to 750°C. It is 
preferable to perform the heat treatment at a temperature above 620° C. 

The metal element is contained in the crystalline silicon fihn in the state in which 
the film has been crystallized by the above-mentioned heat treatment. 

Here, laser light is irradiated to promote the cr^'stallization of the crystalline silicon 
fihn obtained and to diffuse (disperse) the nickel element existing within the fihn farther 
within the fihn at the same time. 

In the state in which the film is crystallized by the first heat treatment, the nickel 
element exists as certain blocks. Then, the nickel element may be diffused by a certain 
degree so that it may be readily gettered later by irradiating the laser light described 
above. 

After irradiating the laser light, another heat treatment is performed within an 
oxidizing atmosphere to which HCl is added to form a thermal oxide film on the surface 
of the crystalluie silicon fihn. 

At this time, the metal element is gettered to the thermal oxide film by the action 
of chlorine and the concentration of the metal element within the crystalluie silicon film 
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is reduced. Further, the nickel element is gasified and removed to the outside by the 
action of chlorine. 

The heat treatment for gettering the nickel element is preferable to perform at a 
temperature higher than that of the heat treatment for the crystallization. It is preferable 
to perform the heat treatment at a temperature over 600°C, or more preferably at 640°C 
or more. The upper limit thereof may be adequately set as temperature below 750°C. 

As a result of the heat treatment for gettering, a thermal oxide fihn containing the 
nickel element in high concentration is formed. Then, the crystalline silicon film having 
the high crystallinity and having low concentration of the metal element may be obtained 
by removing this thermal oxide film. 

The use of the invention disclosed in the present specification allows to provide the 
technology for reducing the concentration of metal element within the crystalline silicon 
film which has been obtained by utilizing the metal element which promotes the 
crystallization of silicon. The use of this technology also allows a more reliable and 
higher performance thin film semiconductor device to be obtained. 

Brief Description of Drawings 

FIG. 1 shows steps for obtaining a crystalline silicon film. 
FIG. 2 shows steps for obtaining a crystalline silicon fihn. 
FIG. 3 shows steps for fabricating a thin film transistor. 
FIG. 4 shows steps for fabricating a thin fihn transistor. 



FIG. 5 shows steps for fabricating a thin film transistor. 
FIG. 6 shows steps for fabricating an active layer of the thin fflm transistor. 
FIG. 7 shows states when laser light is irradiated to patterns made of the 
crystalline silicon fihn. 

Detailed Description of Preferred Embodiments 
First Embodiment 

An arrangement for obtainmg a crystalline silicon film on a glass substrate by 
utilizing nickel element will be explained in the present embodiment. 

At fu-st, the crystalline silicon fihn having a high crystallinity is obtained by an 
action of nickel element in the present embodiment. 

Then, laser light is irradiated to enhance the crystallmity of die film and to diffuse 
nickel element existmg locally concentrated within the film. That is, the block of nickel 
is extinguished. 

Next, a thermal oxide fihn contaming a halogen element is formed on the 
crystalline silicon fihn by thermal oxidation. At this time, the nickel element remaining 
in the crystalline silicon fihn thus obtained is gettered to the thermal oxide film by an 
action of the halogen element. Because the nickel element is distributed by the irradiation 
of the laser light" the gettering proceeds effectively. 

Then, the thermal oxide fihn containmg the nickel element in high concentration 
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as a result of the gettering is removed. Thereby, the crystalline silicon film having nickel 
element in low concentration while having the high crystallinity is obtained on the glass 
substrate, 

A fabrication process of the present embodiment will be explained by using FIG. 
1 . At first, a silicon oxide nitride film 102 is formed as an underlying film in a thickness 
of 3000 angstrom on tiie glass substrate 101 of Coming 1737 (distortion point: 667 °C). 

The silicon oxide nitride film is formed by using plasma CVD using sillane, N2O 
gas and oxygen as original gases. Or, it may be formed by using plasma CVD using 
TEOS gas and N2O gas. 

The silicon oxide nitride fihn has a function of suppressing the diffusion of 
impurities from the glass substrate in the later steps (seeing from the level of fabrication 
of a semiconductor, a glass substrate contains a large amount of impurities). 

It is noted that the silicon nitride film is most suitable to maximize the function of 
suppressing the diffusion of the impurities. However, the silicon nitride film is not 
practical because it may be peeled off from the glass substrate due to the influence of 
stress. A silicon oxide film may be also used as the xmderlying film mstead of the silicon 
oxide nitride fihn. 

It is also "important to increase the hardness of the xmderlying film 102 as much as 
possible. It is concluded from the fact that the harder the hardness of the underlying fihn 
(i.e. the smaller the etching rate thereof), the higher the reliability is in an endurance test 
of the thm film transistor obtauied finally. It is assumed to be caused by the effect of 
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blocking the impurities from the glass substrate in the fabrication process of the thin fihn 
transistor. 

It is also effective to include a small amount of halogen element typified by 
chlorine in the underlying fihn 102. Thereby, the metal element which promotes 
crystallization of silicon and which exists withm the semiconductor layer may be gettered 
by the halogen element in the later step. 

It is also effective to perform a hydrogen plasma treatment after forming the 
underlying fihn. It is also effective to perform a plasma treatment ui an atmosphere in 
which oxygen and hydrogen are mixed. These treatments are effective m removmg 
carbon component which is adsorbed on the surface of the underlying fihn and in 
enhancmg the mterfacial characteristic with a semiconductor fihn formed later. 

Next, an amorphous silicon fihn 103, which turns out to be a crystalluie silicon 
film later, is formed m a thickness of 500 angstrom by low pressure thermal CVD. The 
reason why low pressure thermal CVD is used is because the quality of the crystalluie 
silicon fihn obtained later is better, i.e. the fihn quality is denser. Besides the low 
pressure thermal CVD, the plasma CVD may be used. 

The amorphous silicon fihn fabricated here is desirable to have 5 x 10" cm"^ to 2 
x 10^^ cm-^ of concentration of oxygen within the film. It is because oxygen plays an 
unportant role in the later step of gettermg the metal element (which promotes 
crystallization or silicon). 

However, it must be careful here because the crystallization of the amorphous 
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silicon film is hampered if the oxygen concentration is higher than the above-mentioned 
range of concentration. 

The concentration of other impurities such as those of nitrogen and carbon is 
preferred to be as low as possible. In specifically, the concentration must be below 2 x 

10^^ cm-^ 

The upper limit of the thickness of the amorphous silicon film is about 2000 
angstrom. It is because it is disadvantageous to have a thick fihn to obtam the effect of 
laser irradiated later. Thick film is disadvantageous because the laser light irradiated to 
the silicon fihn is absorbed ahnost completely at the surface of the fihn. 

The lower l imi t of the amorphous silicon fihn 103 is practically about 200 
angstrom, though it depends on how it is formed. 

Next, nickel element is introduced to the amorphous silicon fihn 103 to crystallize 
it. Here, the nickel element is introduced by applying nickel acetate solution contaming 
10 ppm (to weight) of nickel on the surface of the amorphous silicon film 103. 

Besides the method of using the above-mentioned solution, sputtering, CVD, 
plasma treatment or adsorption may be used as the method for introducing the nickel 
element. 

The method of using the solution is useful in that it is simple and that the 
concentration of the metal element may be readily adjusted. 

The nickel acetate solution is applied as described above to form a liquid film 104 
as shown in FIG. lA. After obtaining this state, extra solution is blown out by usmg a 
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spin coater not shown. Thus, the nickel element is held in contact on the surface of the 
amorphous silicon film 103. 

It is noted that it is preferable to use nickel sulfate solution, instead of using the 
nickel acetate, if the remained impurities in the later heating process is taken into 
consideration. It is because the nickel acetate contains carbon and it might be carbonized 
in the later heating process, thus remaining within the fihn. 

An amount of the nickel element to be mtroduced may be controlled by adjusting 
the concentration of nickel element within the solution. 

Next, a heat treatment is performed in the temperature range from 550 °C to 650 °C 
in the state shown in FIG. IB to crystallize the amorphous silicon fihn 103 and to obtain 
a crystalline silicon film 105. This heat treatment is performed in a reducmg atmosphere. 

It is preferable to perform the heat treatment below the temperature of the 
distortion point of the glass substrate. Because the distortion point of the Coming 1737 
glass substrate is 667 °C, the upper limit of the heating temperature here is preferable to 
be about 650 °C, leaving some margm. 

Here, the heat treatment is performed for four hours at 620 °C within a nitrogen 
atmosphere containing 3 % of hydrogen. 

The reason why the reducing atmosphere is adopted in the crystallization step by 
way of the heat treatment is to prevent oxides from being created in the step of the heat 
treatment and more concretely, to suppress nickel from reacting with oxygen and NiOx 
from being created on the surface of the fihn or within the film. 
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Oxygen couples with nickel and contributes a lot in gettering nickel in the later 
gettering step. However, it has been found that if oxygen couples with nickel in the 
above-mentioned stage of the crystallization, it hampers the crystallization. Accordingly, 
it is important to suppress the oxides from being created to the utmost in the 
crystallization step carried out by way of heating. 

The concentration of oxygen within the atmosphere for performing the heat 
treatment for the crystaUization has to be m an order of ppm, or preferably, less than 1 
ppm. 

Inert gases such as argon, besides nitrogen, may be used as the gas which occupies 
the most of the atmosphere for performing the heat treatment for the crystallization. 

After the crystallization step by way of the heat treatment, nickel element remams 
as blocks. This fact has been confirmed from the observation by means of TEM 
(transmission electron microscope). 

Although the cause of the fact that the nickel exists as blocks is not clear yet, it 
is considered to be related with some crystallization mechanism. 

Next, laser light is irradiated as shown in FIG. IC. Here, KrF excimer laser 
(wavelength: 248 nm) is used. Here, a method of irradiatmg the laser light by scanning 
its linear beam is adopted. 

The nickel element which has been locally concentrated as a result of the 
crystallization carried out by way of the aforementioned heat treatment is distributed by 
a certain degree within the fihn 105 by irradiating the laser light. That is, the nickel 
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element may be distributed by disappearing the blocks of the nickel element. 

Another heat treatment is performed m the step shown in FIG. ID to form a 
thermal oxide film for getteruig the nickel element. Here, this heat treatment is 
performed witMn an atmosphere contaiiung halogen element. Specifically, the heat 
treatment is carried out hi an oxygen atmosphere contaiaing 5 % of HCl (FIG. ID). 

This step is carried out to remove the nickel element (or another element which 
promotes crystallization of silicon) which has been introduced mtentionally for the 
crystallization m the mitial stage from the crystaUine silicon film 105. This heat 
treatment is performed at a temperature higher than that of the heat treatment performed 
for the crystallization described above. It is an important condition for effectively 
performing the gettering of nickel element. 

This heat treatment is performed ni the temperature range from 600 °C to 750 °C 
upon meetmg the above-mentioned condition. The effect of gettering the nickel element 
m this step may be obtained remarkably when the temperature is higher than 600 °C. 

In this step, the nickel element which has been distributed by the above-mentioned 
irradiation of laser is effectively gettered to the oxide fihn. 

Further, the upper lunit of the heatuig temperature is lunited by the distortion pouit 
of the glass substrate to be used. It must be careful not to perform the heat treatment m 
a temperature above the distortion point of the glass substrate to be used because it is 
deformed. 

It is preferable to mix HCl with a ratio of 0.5 % to 10 % (volume %) of oxygen. 
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It must be careful not to mix it above this concentration because, otherwise, the surface 
of the film is roughened with the same degree of ^regularity with the thickness of the 
fikn. 

By performing the heat treatment under such conditions, the thermal oxide fihn 
106 containing chlorine as shown in FIG. ID is formed. Here, the heat treatment is 
performed for 12 hours and the thickness of the thermal oxide fihn 106 is 100 angstrom. 

Because the thermal oxide fihn 106 is formed, the thickness of the crystalline 
silicon fihn 103 becomes about 450 angstrom. 

When the heating temperature is 600°C to 750°C m this heat treatment, the 
treatment tune (heatmg time) is set at 10 hours to 48 hours, typically at 24 hours. 

This treatment tune may be set adequately depending on the thickness of the oxide 
film to be obtahied as a matter of course. 

In this step, nickel element is gettered out of the silicon film by the action of the 
halogen element. Here, the nickel element is gettered to the thermal oxide fihn 106 
formed by the action of chlorine. 

In the gettering, oxygen existing within the crystalline silicon fihn plays an 
important role. That is, the gettering of the nickel element proceeds effectively by 
chlorine actmg 'on nickel oxide formed when oxygen couples with nickel. 

If the concentration of oxygen is too much, it becomes the factor of hampermg the 
crystallization of the amorphous silicon fihn 103 m the crystallization step shown in FIG. 
IB as described above. However, the existence thereof plays an unportant role in the 
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process of gettering nickel as described above. Accordingly, it is important to control 
the concentration of oxygen existing within the amorphous silicon fihn as a starting fihn. 

Here, CI has been selected as the halogen element and the case of using HCl has 
been shown as a method for introducing it. Besides HCl, one type or a plurality of types 
of mixed gas selected from HF, HBr, CI2, F2, Br2 may be used. Besides them, halogen 
hydroxide may be used in general. 

It is preferable to set the content (volume content) of those gases within the 
atmosphere to 0.25 to 5 % if it is HF, 1 to 15 % if it is HBr, 0.25 to 5 % if it is CI2, 
0.125 to 2.5 % if it is F2 and 0.5 to 10 % if it is Br2. 

If the concentration is below the above-mentioned range, no significant effect is 
obtamed. Further, if the concentration exceeds the upper limit of the above-mentioned 
range, the surface of the crystalline silicon fihn is roughened. 

Through this step, the concentration of nickel element may be reduced to less than 
1/10 of the maximum from the initial stage. It means that the nickel element may be 
reduced to 1/10 as compared to the case when no gettering by the halogen element is 
conducted. This effect may be obtauied in the same manner even when another metal 
element is used. 

Because 'the nickel element is gettered to the oxide film formed in the above- 
mentioned step, naturally the nickel concentration within the oxide fihn becomes high as 
compared to other regions. 

Further, it has been observed that the concentration of nickel element is apt to be 
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high near the interface of the crystalline silicon film 105 with the oxide fibn 106. It is 
considered to happen because the region where the gettering mainly takes place is on the 
side of the oxide film near the interface between the silicon fihn and the oxide film. The 
gettering proceeding near the mterface is considered to be caused by the existence of 
stress and defects. 

Then, the thermal oxide fihn 106 containing nickel m high concentration is 
removed. The thermal oxide fihn 106 may be removed by means of wet etching or dry 
etchmg using buffered hydrofluoric acid (or other hydrofluorite etchant). 

Thus, a crystalline silicon film 107 m which the concentration of nickel has been 
reduced is obtained as shown in FIG. IE. 

Because nickel element is contamed near the surface of the obtained crystalluie 
silicon film 107 in relatively high concentration, it is effective to advance the above- 
mentioned etching to over-etch, more or less, the surface of the crystalluie silicon fihn 
107. 

It is also effective to irradiate laser light agam after removing the thermal oxide 
fihn 106 to promote the crystallmity of the crystalluie silicon fihn 107 thus obtamed 
further. That is, it is effective to irradiate laser light again after gettering the nickel 
element. 

Although the case when the KrF excimer laser (wavelength: 248 nm) is used as 
the laser to be used has been shown m the present specification, it is possible to use a 
XeCl excuner laser (wavelength: 308 nm) and other types of excimer lasers. 
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It is also possible to arrange so as to irradiate ultraviolet rays or infrared rays for 
example instead of laser light. 

Second Embodiment 

The present embodiment relates to a case when Cu is used as the metal element 
which promotes the crystallization of silicon in the arrangement shown in the first 
embodiment. In this case, cupric acetate [Cu(CH3 €00)2] or cupricchloride (CuClj 
2H2O) may be used as the solution for mtroducmg Cu. 

Third Embodiment 

The present embodiment relates to a case of growmg crystal in the form different 
from that m the first embodiment. That is, the present embodiment relates to a method 
of growing the crystal m a direction parallel to the substrate, i.e. a method called lateral 
- growth, by utilizmg the metal element which promotes crystallization of silicon. 

FIG. 2 shows the fabrication process according to the present embodiment. At 
first, a silicon oxide nitride fihn is formed as an underlying fihn 202 m a thickness of 
3000 angstrom on the Coming 1737 glass substrate (or a quartz substrate) 201. 

Next, an amorphous silicon fihn 203 which is the startmg fihn for a crystalline 
silicon mm is formed in a thickness of 600 angstrom by low pressure thermal CVD. The 
thickness of the amorphous sUicon film is preferable to be less than 2000 angstrom as 
described before. 
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It is noted that plasma CVD may be used instead of the low pressure thermal 

CVD. 

Next, a silicon oxide fihn not shown is formed iu a thickness of 1500 angstrom 
and is patterned to form a mask 204. An opening is created on the mask in a region 205 . 
The amorphous silicon fihn 203 is exposed at the region where the opening 205 is 
created. 

The opening 205 has a thm and long rectangular shape in the longitudinal direction 
from the depth to the front side of the figure. Preferably, the width of the opening 203 
is 20 /Lcm or more. The length thereof in the longitudinal durection may be determined 
arbitrarily. 

Then, the nickel acetate aqueous solution containing 10 ppm of nickel element m 
terms of weight is applied in the same manner with the first embodiment and the extra 
solution is removed by performing spin drying by usmg a spinner not shown. 

Thus, the solution is held ui contact on the exposed surface of the amorphous 
silicon fihn 203 as indicated by a dotted line 206 in FIG. 2A. 

Next, a heat treatment is performed at 640°C for four hours m a nitrogen 
atmosphere contaimng 3 % of hydrogen and m which oxygen is mmimized. Then, 
crystal grows in the direction parallel to the substrate as indicated by the reference 
numeral 207 in FIG. 2B. This crystal growth advances from the region of the opening 
205 to which nickel element has been introduced to the surrounding part. This crystal 
growth m the direction parallel to the substrate will be referred to as lateral growth. 
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It is possible to advance this lateral growth across more than 100 jum under the 
conditions shown in the present embodnnent. Then, a silicon film 208 having a region 
in which the crystal has thus grown laterally is obtained. It is noted that crystal growth 
in the vertical direction called vertical growth advances from the surface of the silicon 
film to the underlying interface in the region where the opening 205 is formed. 

Then, the mask 204 made of the silicon oxide film for selectively introducmg 
nickel element is removed. Thus, the state shown in FIG. 2C is obtained. In this state, 
the vertical growth region, the lateral growth region and a region in which no crystal has 
grown (having amorphous state) exist within the silicon film 208. 

In this state, the nickel element is unevenly distributed in the film. In particular, 
the nickel element exists in relatively high concentration at the region where the opening 
205 has been formed and at the edge portion 207 of the crystal growth. 

After obtaining the state shown in FIG, 2C, laser light is irradiated. The KrF 
excimer laser is irradiated here similarly to the first embodiment. 

The nickel element which has been unevenly distributed is diffused in this step to 
obtain a condition in which it can be gettered readily m the later gettering step. 

After irradiating ttie laser light, a heat treatment is performed at 650°C for 12 
hours within an oxygen atmosphere contaming 3 % of HCl. In this step, an oxide film 
209 containing nickel element in high concentration is formed. In the same time, the 
concentration of mckel element within the silicon fihn 208 may be reduced relatively 
(FIG. 2D). 
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Here, the tiiermal oxide film 209 is formed in a thickness of 100 angstrom. The 
thermal oxide film contains the nickel element thus gettered by the action of chlorine in 
high concentration. Further, because the thermal oxide film 209 is formed, the thickness 
of the crystallme silicon fihn 208 is reduced to about 500 angstrom. 

Next, the thermal oxide film 209 containing nickel element in high concentration 
is removed. 

In the crystalline silicon fikn of this state, the nickel element has a distribution of 
concentration such that it exists in high concentration toward the surface of the crystalline 
silicon film. This state is caused by the fact that the nickel element has been gettered to 
the thermal oxide film 209 when the thermal oxide film was formed. 

Accordingly, it is useful to etch the surface of the crystalluie silicon fihn to remove 
the region in which the nickel element exists in high concentration after removing the 
thermal oxide film 209. That is, the crystalline silicon fihn in which the nickel element 
concentration is reduced further may be obtained by etching the surface of the crystalline 
silicon film in which the nickel element exists in high concentration. However, it is 
necessary to consider the thickness of the silicon film finally obtained at this time. 

Next, patterning is performed to form a pattern 210 formed of the laterally grown 
region. 

The concentration of nickel element which remains withhi the pattern 210 made 
of the lateral growth region thus obtained may be reduced ftirther as compared to the case 
shown in the first embodiment. 
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This is caused by tlie fact that the concentration of the metal element contamed 
within the lateral growth region is low originally. Specifically, the concentration of 
nickel element within the pattern 209 made of the lateral growth region may be readily 
reduced to the order of 10^' cm^^ or less. 

When a thin fihn transistor is formed by utilizing the lateral growth region, a 
semiconductor device havmg a higher mobility may be obtained as compared to the case 
when the vertical growth region as shown m the first embodiment (crystal grows 
vertically on the whole surface m the case of the first embodunent) is utilized. 

It is noted that it is useful to perform the etchmg process further after formmg the 
pattern shown in FIG. 2E to remove the nickel element existing on the surface of the 
pattern. 

Then, a thermal oxide fihn 211 is formed after forming the pattern 210. This 
thermal oxide fihn is formed mto a thickness of 200 angstrom by performmg a heat 
treatment for 12 hours in an oxygen atmosphere at 650°C. 

This thermal oxide film becomes a part of a gate insulating fihn later when a thm 
fihn transistor is constructed. 

If the thm fihn transistor is to be fabricated thereafter, a silicon oxide fihn is 
formed further by means of plasma CVD or the like so as to cover the thermal oxide film 
211 to form a gate insulating film. 

Fourth Embodiment 
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The present embodiment relates to a case of fabricating a thin fihn transistor 
disposed in a pixel region of an active matrix type liquid crystal display or an active 
matrix type EL display by utilizing the invention disclosed in the present specification. 

FIG. 3 shows the fabrication process according to the present embodiment. At 
first, the crystalline silicon film is formed on the glass substrate through the process 
shown in the first or the third embodiment. When the crystalline silicon fihn is obtained 
by the arrangement shown in the fu-st embodiment, it is patterned to obtain the state 
shown in FIG. 3 A. 

In the state shown in FIG. 3 A, the reference numeral 301 denotes a glass substrate, 
302 an underlymg fihn, and 303 an active layer formed of the crystallme silicon fihn. 
After obtaining the state shown in FIG. 3A, a plasma treatment is performed within a 
reduced pressure atmosphere m which oxygen and hydrogen are mixed. The plasma is 
generated by high-frequency discharge. 

Organic substances existing on the surface of the exposed active layer 303 may be 
- \ removed by the above-mentioned plasma treatment. To be exact, the organic substances 
adsorbing on the surface of the active layer are oxidized by oxygen plasma and the 
oxidized organic substances are reduced and vaporized further by hydrogen plasma. Thus 
the organic substances existing on the surface of the exposed active layer 303 are 
removed. 

The removal of the organic substances is very effective in suppressing fixed charge 
from existmg on the surface of the active layer 303. Because the fixed charge caused by 
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the existence of organic substances hampers the operation of the device and renders the 
characteristics thereof instable, it is very useful to reduce it. 

After removing the organic substances, thermal oxidation is performed within an 
oxygen atmosphere at 640°C to form a thermal oxide film 300 of 100 angstrom thick. 
This thermal oxide fihn has a high interfacial characteristic with a semiconductor layer 
and composes a part of a gate insulating fikn later. Thus, the state shown in FIG. 3 A 
is obtained. 

After obtaining the state shown in FIG. 3 A, a silicon oxide nitride film 304 which 
composes the gate insulatmg fihn is formed in a thickness of 1000 angstrom. The film 
may be formed by using plasma CVD using mixed gas of oxygen, sillane and NjO or 
plasma CVD usmg mixed gas of TEOS and N2O. 

The silicon oxide nitride film 304 functions as the gate insulatmg film together 
with the thermal oxide film 300. 

It is also effective to contain halogen element withui the silicon oxide nitride fihn. 
That is, by fixmg the nickel element by the action of the halogen element, it is possible 
to prevent the function of the gate insulating film as an insulating film from being reduced 
by the influence of the nickel element (or another metal element which promotes 
crystallization of silicon) existing within the active layer. 

It is significant to use the silicon oxide nitride film in that the metal element hardly 
infiltrates to the gate insulating film because of its dense fihn quality. If the metal 
element mfiltrates into the gate insulating fihn, its function as an insulating fihn is 
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reduced, thus causing instability and dispersion of characteristics of the thin fihn 
transistor. 

It is noted that a silicon oxide fihn which is normally used may be also used for 
the gate insulating fihn. 

After forming the silicon oxide nitride fihn 304 which functions as the gate 
msulatmg fihn, an aluminum film not shown which functions as a gate electrode later is 
formed by sputtering. Scandium is included 0.2 weight % of aluminum withki the 
aluminum film. 

Scandium is mcluded in the aluminum film to suppress hillock and whisker from 
bemg generated in the later process. The hillock and whisker mean that abnormal growth 
of alummum occurs by heatmg, thus forming needle or prickle-like projections. 

After formmg the aluminum fihn, a dense anodic oxide fihn not shown is formed. 
The anodic oxide fihn is formed by usmg ethylene glycol solution containing 3 % of 
tartaric acid as electrolyte. That is, the anodic oxide fihn having the dense fihn quality 
is formed on the surface of the alummum fihn by setting the aluminum fihn as the anode 
and platinum as the cathode and by anodizuig within this electrolyte. 

The thickness of the anodic oxide film not shown havmg the dense fihn quality is 
around 100 angstrom. This anodic oxide fihn plays a role of enhancing the adhesiveness 
with a resist mask to be formed later. 

It is noted that the thickness of the anodic oxide fihn may be controlled by 
adjusting voltage applied durmg the anodization. 
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Next, the resist mask 306 is formed and the aluminum film is patterned so as to 
have a pattern 305. The state shown in FIG. 3B is thus obtained. 

Here, another anodization is performed. In this case, 3 % of oxalate aqueous 
solution is used as electrolyte. A porous anodic oxide film 308 is formed by anodizing 
within this electrolyte by setting the aluminum pattern 305 as the anode. 

In this step, the anodic oxide film 308 is formed selectively on the sides of the 
aluminum pattern because the resist mask 306 having the high adhesiveness exists 
thereabove. 

The anodic oxide film may be grown up to several^tm thick. The thickness is 6000 
angstrom here. It is noted that the range of the growth may be controlled by adjusting 
an anodizing tune. 

Next, the resist mask 306 is removed. Then, a dense anodic oxide film is formed 
again. That is, the anodization is performed again by using the ethylene glycol solution 
containing 3 % of tartaric acid as electrolyte. Then, an anodic oxide film 309 havuig a 
dense fihn quality is formed because the electrolyte infiltrates into the porous anodic 
oxide film 308. 

This dense anodic oxide fihn 309 is 1000 angstrom thick. The thickness is 
controlled by adjusting applied voltage. 

Here, the exposed silicon oxide nitride film 304 and the thermal oxide film 300 
are etched by utifizing dry etching. Then, the porous anodic oxide film 308 is removed 
by using mixed acid in which acetic acid, nitric acid and phosphoric acid are mixed. 
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Thus, the state shown in FIG. 3D is obtained. 

After obtaining the state shown in FIG. 3D, unpurity ions are implanted. Here, 
P (phosphorus) ions are unplanted by plasma doping in order to fabricate an N-channel 
type thin film transistor. 

In this step, heavily doped regions 311 and 315 and lightly doped regions 312 and 
314 are formed because part of the remaming silicon oxide fihn 310 functions as a semi- 
permeable mask, thus blocking part of the unplanted ions. 

Then, laser light or mtense light is irradiated to activate the regions into which the 
impurity ions have been implanted. Thus, a source region 31 1 , a channel forming region 
313, a dram region 315 and low concentration impurity regions 312 and 314 are formed 
in a manner of self-alignment. 

One designated by the reference numeral 314 here is the region called the LDD 
(lightly doped region) (FIG. 3D). 

It is noted that when the dense anodic oxide fihn 309 is formed as thick as 2000 
angstrom or more, offset gate regions may be formed on the outside of the channel 
forming region 313 by its thickness. 

Although the offset gate regions are formed also m the present embodiment, it is 
not shown in the figures because its size is small, its contribution due to the existence 
thereof is small and because the figures might otherwise become complicated. 

Next, a silicon oxide fihn or a silicon nitride fihn or then: laminated fihn is formed 
as an interlayer insulating fihn 316. The interlayer insulating fihn may be constructed 
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by forming a layer made of a resin material on the silicon oxide fibn or the silicon nitride 
fihn. 

Then, contact holes are created to form a source electrode 317 and a drain 
electrode 318. Thus, the thin film transistor shown in FIG. 3E is completed. 

Fifth Embodiment 

The present embodiment relates to a method for formmg the gate insulating film 
304 in the arrangement shown in the fourth embodiment. Thermal oxidation may be used 
as a method for forming the gate insulating film when a quartz substrate or a glass 
substrate having a high heat resistance is used as the substrate. 

The thermal oxidation allows the fihn quality to be densified and is useful in 
obtaming a thm fihn transistor havmg stable characteristics. 

That is, because an oxide film formed by the thermal oxidation is dense as an 
msulatuig fihn and movable electric charge existing therem can be reduced, it is one of 
the most suitable films as a gate insulating film. 

As the method for forming the thermal oxide film, a heat treatment performed in 
an oxidizing atmosphere at 950°C may be cited. 

At this time, it is effective to mix HCl or the like within the oxidizing atmosphere. 
Thereby, the metal element existing within the active layer may be fixed in the same time 
with the formation of the thermal oxide fihn. 

It is also effective to form a thermal oxide fihn containing nitrogen component by 
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mixing NjO gas within the oxidizing atmosphere. Here, it is possible to obtain a silicon 
oxide nitride film by the thermal oxidation by optimizing the mixed ratio of the NjO gas. 

It is noted that the thermal oxide film 300 needs not be always formed in the 
present embodiment. 

Sixth Embodiment 

The present embodiment relates to a case of fabricating a thm film transistor 
through a process different from that shown in FIG. 3. 

FIG. 4 shows the fabrication process accordmg to the present embodiment. At 
first, the crystalline silicon film is formed on the glass substrate through the process 
shown in the first or third embodiment. It is then patterned, thus obtaining the state 
shown in FIG. 4A. 

After obtaining the state shown in FIG, 4A, a plasma treatment is performed 
within a reduced pressure atmosphere in which oxygen and hydrogen are mixed. 

In the state shown in FIG. 4A, the reference numeral 401 denotes a glass substrate, 
402 an underlying film, 403 an active layer made of the crystalline silicon fihn and 400 
a thermal oxide film formed again after removing the thermal oxide film for gettering. 

After obtaining the state shown in FIG. 4 A, a silicon oxide nitride film 404 which 
composes a gate insulating film is formed in a thickness of 1000 angstrom. The film may 
be formed by using plasma CVD using mixed gas of oxygen, sillane and N2O or plasma 
CVD using mixed gas of TEOS and N2O. 
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The silicon oxide nitride film 404 composes the gate insulating film together with 
the tiiermal oxide film 400. It is noted that a silicon oxide film may be used besides the 
silicon oxide nitride film. 

After forming the silicon oxide nitride film 404 which functions as the gate 
insulating film, an aluminum fihn (not shown) which functions as a gate electrode later 
is formed by sputtering. Scandium is included within the aluminum film at 0.2 weight 
%. 

After forming the alimiinum film, a dense anodic oxide fihn not shown is formed. 
The anodic oxide film is formed by using ethylene glycol solution containing 3 % of 
tartaric acid as electrolyte. That is, the anodic oxide film havmg the dense fihn quality 
is formed on the surface of the aluminum fihn by setting the alxuninum film as the anode 
and platinum as the cathode and by anodizing within this electrolyte. 

The thickness of the anodic oxide film not shown having the dense film quality is 
about 100 angstrom. This anodic oxide film plays a role of enhancing the adhesiveness 
with a resist mask to be formed later. 

It is noted that the thickness of the anodic oxide film may be controlled by 
adjusting voltage applied during the anodization. 

Next, the resist mask 405 is formed and the aluminum film is patterned so as to 
have a pattern 406. 

Here, another anodization is performed. In this case, 3 % of oxalate aqueous 
solution is used as electrolyte. A porous anodic oxide film 407 is formed by anodizing 
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within this electrolyte by setting the aluminum pattern 406 as the anode. 

In this step, the anodic oxide fihn 407 is formed selectively on the sides of the 
aluminum pattern because the resist mask 405 having the high adhesiveness exists 
thereabove. 

The anodic oxide fihn may be grown up to several jxm thick. The thickness is 
6000 angstrom here. It is noted that the range of the growth may be controlled by 
adjusting an anodizing time. 

Then, the resist mask 405 is removed and another dense anodic oxide film is 
formed. That is, the anodization is performed again by usmg the ethylene glycol solution 
containing 3 % of tartaric acid as electrolyte. Then, an anodic oxide fihn 408 havmg 
a dense film quality is formed because the electrolyte infiltrates mto the porous anodic 
oxide fihn 407 (FIG. 2C). 

Here, the mitial implantation of unpurity ions is performed. This step may be 
performed after removmg the resist mask 405. 

A source region 409 and a dram region 41 1 are formed by implantmg the impurity 
ions. No unpurity ion is implanted to a region 410. 

Then, the porous anodic oxide fihn 407 is removed by using mixed acid in which 
acetic acid, nitric acid and phosphoric acid are mixed. Thus, the state shown in FIG. 4D 
is obtained. 

After obtaining the state shown m FIG. 4D, impurity ions are implanted again. 
The impurity ions are implanted under the doping condition lighter than that of the first 
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implantation. 

In this step, ligtitly doped regions 412 and 413 are formed and a region 414 turns 
out to be a channel forming region (FIG. 4D). 

Then, laser light or intense light is irradiated to activate the regions into which the 
impurity ions have been implanted. Thus, the source region 409, the channel forming 
region 414, the drain region 41 1 and low concentration hnpurity regions 412 and 413 are 
formed in a manner of self-alignment. 

Here, one designated by the reference numeral 413 is the region called the LDD 
(lightly doped region) (FIG. 4D). 

Next, a silicon oxide fihn or a silicon nitride film or their laminated film is formed 
as an interlayer insulating film 414. The interlayer insulating film may be constructed 
by forming a layer made from a resin material on the silicon oxide film or the silicon 
nitride film. 

After that, contact holes are created to form a source electrode 416 and a drain 
electrode 417. Thus, the thin fihn transistor shown in FIG. 4E is completed. 

Seventh Embodiment 

The present embodiment relates to a case when an N-channel type thin fihn 
transistor and a P-channel type thin fihn transistor are formed in a complementary 
manner. 

The arrangement shown in the present embodiment may be utilized for various thin 
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film integrated circuits integrated on an insulated surface as well as for peripheral driving 
circuits of an active matrix type liquid crystal display for example. 

At first, a silicon oxide film or a silicon oxide nitride film is formed as an 
underlying film 502 on a glass substrate 501 as shown in FIG. 5A. It is preferable to use 
the silicon oxide nitride film. 

Next, an amorphous silicon film not shown is formed by plasma CVD or low 
pressure thermal CVD. Then, die amorphous silicon film is transformed into a 
crystalline silicon fitoi by the same method as shown in the first embodiment. 

Next, a plasma treatment is performed within an atmosphere in which oxygen and 
hydrogen are mixed. Then, the obtained crystalline silicon film is patterned to obtain 
active layers 503 and 504. Thus, the state shown in FIG. 5 A is obtained. 

It is noted that a heat treatment of ten hours at 650 °C is performed within a 
nitrogen atmosphere containing 3 % of HCl in the state shown in FIG. 5A in order to 
suppress the influence of carriers moving the side of the active layer. 

Because an OFF current characteristic is degraded if a trap level exists on the side 
of the active layer due to the existence of the metal element, it is useful, by performing 
the process shown here, to reduce the density of the level on the side of the active layer. 

Further, the thermal oxide fihn 500 and the silicon oxide nitride fihn 505 which 
compose a gate insulating film are formed. If quartz is used as the substrate here, it is 
desirable to compose the gate insulating fihn only by the thermal oxide film formed by 
using the above-mentioned fliermal oxidation. 
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Next, an aluminum film not shown which composes a gate electrode later is 
formed in a thickness of 4000 angstrom. Besides the aluminum film, a metal which can 
be anodized (e.g. tantalum) may be used. 

After forming the aluminum film, a very thin and dense anodic oxide film is 
formed on the surface thereof by the method described before. 

Next, a resist mask not shown is provided on the aluminum film to pattern the 
aluminum film. Then, anodization is performed by setting the obtained aluminum pattern 
as the anode to form porous anodic oxide films 508 and 509. The thickness of the porous 
anodic oxide films is 5000 angstrom for example. 

Then, another anodization is performed under the condition of forming dense 
anodic oxide films to form dense anodic films 510 and 511 . The thickness of the dense 
anodic oxide films 510 and 511 is 800 angstrom. Thus, the state shown in FIG. 5B is 
obtained. 

Then, die exposed silicon oxide film 505 and the thermal oxide fihn 500 are 
removed by dry etching, thus obtaining the state shown in FIG. 5C. 

After obtaining the state shown in FIG. 5C, die porous anodic oxide films 508 and 
509 are removed by using mixed acid in which acetic acid, nitric acid and phosphoric 
acid are mixed." Thus, the state shown in FIG. 5D is obtained. 

Here, resist masks are disposed alternately to implant P ions to the thin film 
transistor on the left side and B ions to the thin fihn transistor on the right side. 

By implanting those impurity ions, a source region 514 and a drain, region 517 
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having N-type in high concentration are formed in a manner of self-alignment. 

Further, a region 515 to which P ions are doped in low concentration, thus having 
weak N-type, as well as a channel forming region 516 are formed in the same time. 

The reason why the region 515 having the weak N-type is formed is because the 
remaming gate insulating fihn 512 exists. That is, part of P ions transmitting through the 
gate insulatmg film 512 is blocked by the gate insulating fihn 512. 

By the same principle, a source region 521 and a drain region 518 having strong 
P-type are formed m a manner of self-alignment and a low concentrate impurity region 
520 is formed in the same tune. Further, a channel forming region 519 is formed in the 
same time. 

In the case that when the thickness of the dense anodic oxide films 510 and 511 
is as thick as 2000 angstrom, an offset gate region may be formed m contact with the 
channel forming region by that thickness. 

Its existence may be ignored in the case of the present embodiment because the 
dense anodic oxide films 510 and 511 are so thin as less than 1000 angstrom. 

Then, laser light or mtense light is irradiated to anneal the region into which the 
impurity ions have been implanted. 

Then, a silicon nitride fihn 522 and a silicon oxide fihn 523 are formed as 
mterlayer insulating films as shown in FIG. 5E. The thickness is 1000 angstrom, 
respectively. It is noted that the silicon oxide film 523 need not be formed. 

Here, the thin film transistor is covered by the silicon nitride fihn. The reliability 
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of the thin film transistor may be enhanced by arranging as described above because the 
siUcon nitride fihn is dense and has a favorable interfacial characteristic. 

Further, an mterlayer insulatmg fihn 524 made of a resin material is formed by 
means of spm coating. Here, the thickness of the mterlayer msulating film 524 is 1 ^tm 
(FIG. 5E). 

Then, contact holes are created to form a source electrode 525 and a drain 
electrode 526 of the N-chamiel type thm film transistor on the left side. In the same 
time, a source electrode 527 and the dram electrode 526 of the thin fihn transistor on the 
right side are formed. Here, the electrode 526 is disposed in common. 

Thus, the thm fihn transistor circuit having a CMOS structore constructed hi a 
complementary manner may be formed. 

Accordmg to the arrangement shown hi the present embodmient, the thm film 
transistor is covered by the nitride fihn and fuither the resm material. This arrangement 
allows to enhance the durability of the thm fihn transistor to which movable ions nor 
moisture hardly infiltrate. 

Further, it allows to prevent capacitance from being generated between the thm 
film transistor and wires when a multi-layered wire is formed. 

Eighth Embodiment 

The present embodhnent relates to a case when nickel element is mtroduced 
directly to the surface of the underlymg film m the process shown in the first 
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embodiment. In this case, the nickel element is held in contact with the lower surface 
of the amorphous silicon film. 

In this case, nickel element is introduced after forming the underlying film such 
that the nickel element (metal element) is held in contact with the surface of the 
underlying fihn. Besides the method of using the solution, sputtering, CVD or adsorption 
may be used as the method for introducing nickel element. 

Ninth Embodhnent 

The present embodhnent is characterized hi that the crystallmity of an island 
pattern formed of a crystallhae silicon fihn m the state shown in FIG. 2E, the state shown 
in FIG. 3A or the state shown in FIG. 4A is improved by irradiating laser light. 

A predetermmed annealmg effect can be obtamed with relatively low irradiation 
energy density by irradiatmg the laser light m the state shown in FIGs. 2E, 3A and 4A. 

It is considered to have been effected because the laser energy is nradiated to a 
spot of small area, thus enhancmg the efficiency of energy utilized in the annealuag. 

Tenth Embodiment 

The present embodiment relates to a case in which pattermng of an active layer of 
a thm fihn transistor is devised in order to enhance the effect of annealing by the 
irradiation of laser light. 

FIG. 6 shows a process for fabricatuig the thm fihn transistor accordmg to the 
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present embodiment. At first, a silicon oxide film or silicon oxide nitride film is formed 
as an underlying layer on a Coming 1737 glass substrate 601 . 

Next, an amorphous silicon film not shown is formed in a thickness of 500 
angstrom by using low pressure thermal CVD. It is noted that this amorphous silicon 
film turns out to be a crystalline silicon fihn 603 through the crystallization process later. 

Next, the amorphous silicon fihn not shown is crystallized by the method shown 
in the first embodiment (see FIG. 1) or third embodunent (see FIG. 2) to obtaui the 
crystalline silicon fihn. Thus, the state shown m FIG. 6A is obtained. 

After obtainmg the state shown in FIG. 6A, the crystallme silicon fihn 603 is 
formed on the glass substrate in accordance to the process shown in the first embodiment 
whose fabrication process is shown in FIG. 1 or the third embodiment whose fabrication 
process is shown in FIG. 2. That is, the amorphous silicon fihn is crystallized by the 
heat treatment using nickel element to obtain the crystalluie silicon film 604. The heat 
treatment is performed at 620 °C for four hours. 

After obtammg the crystallme silicon fihn, a pattern for constructing an active 
layer of a thm fihn transistor is formed. At this time, the pattern is formed so as to have 
a sectional profile 604 shown m FIG. 6B. 

The pattern 604 as shown in FIG. 6B is formed in order to suppress the shape of 
the pattern from bemg deformed m the later treatment step of irradiatmg laser light. 

In general; when laser light is irradiated to a pattern 702 made of a normal island- 
shape silicon film formed on a base 701 as shown in FIG. 7 A, a convex portion 704 is 
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formed at the edge of a pattern 703 after the irradiation of the laser light as shown in 
FIG. 7B. 

It is considered to happen because energy of the irradiated laser light is 
concentrated at the edge of the pattern where heat cannot be released. 

This phenomenon may become a factor of defective wires composing a thin fihn 
transistor or of defective operation thereof later. 

Thus, the pattern 604 of the active layer is formed so as to have the profile as 
shown m FIG. 6B in the arrangement of the present embodiment. 

Such arrangement allows to suppress the pattern of the silicon film from being 
deformed like the one shown in FIG. 7B when laser light is irradiated. 

It is preferable to set an angle of the part designated by the reference numeral 605 
from 20° to 50°. It is not preferable to set the angle of 605 below 20° because an area 
occupied by the active layer increases and it becomes difficult to form it. Further, it is 
not also preferable to set the angle of 600 above 50° because the effect for suppressmg 
the shape as shown in FIG. 7B from being formed is reduced. 

The pattern 604 may be realized by utilizing isotropic dry etching in patterning it 
and by controlling the conditions of this dry etching. 

After obtaining the pattern (which turns out to be the active layer later) having the 
shape 603 m FIG. 6B, laser light is hradiated as shown in FIG. 6C. This step allows to 
diffuse the nickef element which is locally blocked within the pattern 604 and to promote 
the crystallization of the pattern, 
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After finishing to irradiate laser light, a heat treatment is performed within an 
oxygen atmosphere containing 3 % of HCl to form a thermal oxide fihn 606. Here, the 
thermal oxide fihn is formed in 100 angstrom thick by performing the heat treatment for 
12 hours in the oxygen atmosphere containing 3 % of HCl at 650°C (FIG. 6D). 

The nickel element contained in the pattern 604 is gettered to the thermal oxide 
fihn by the action of chlorine. At this tune, because the block of the nickel element has 
been destroyed through the irradiation of laser light m the previous step, the gettering of 
the nickel element is effectively performed. 

Further, the gettering is performed also from the side surfaces of the pattern 604 
when the arrangement shown in the present embodiment is adopted. This is useful in 
enhancmg the OFF current characteristics and the reliability of the thin fikn transistor 
finally completed. It is because the existence of nickel element which promotes 
crystallization of silicon and which exists in the side of the active layer relates a wide 
influence over the increase of OFF current and the instabUity of the characteristics. 

After forming the thermal oxide fihn 606 for gettermg as shown ui FIG. 6D, the 
thermal oxide fihn 606 is removed. Thus, the state shown in FIG. 6E is obtained. It is 
concerned that the silicon oxide fihn 602 might be etched in the step of removing the 
thermal oxide fihn 606 when the silicon oxide fihn is adopted as the underlying layer 
602. However, it does not matter so much when the thickness of the thermal oxide fihn 
606 is as thin as 100 angstrom as shown in the present embodunent. 

After obtainmg the state shown m FIG. 6E, a new thermal oxide fihn 607 is 
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formed by a heat treatment in an atmosphere of 100 % oxygen. 

Here, the thermal oxide film 607 is formed in a thickness of 100 angstrom by the 
heat treatment in the oxygen atmosphere at 650°C. 

The thermal oxide film 607 is effective in suppressing the sm-face of the pattern 
603 from being roughened when the laser light is irradiated later. The thermal oxide fihn 
also forms a part of a gate insulating film later. Because the thermal oxide film has a 
very favorable interfacial characteristic with tiie crystalline silicon film, it is useful to 
utilize it as part of the gate insulating film. 

The laser light may be irradiated again after forming the thermal oxide film 607. 
Thus, the crystalline silicon film 604 in which the concentration of nickel element has 
been reduced and which has a high crystallinity may be obtamed. 

Thereafter, the thin film transistor is fabricated by performing through the process 
shown in FIG. 3 or 4. 

Eleventh Embodiment 

The present embodiment relates to a case devised in applying a heat treatment at 
a temperature more than a distortion pomt of a glass substrate. It is preferable to perform 
the process for gettering the metal element which promotes crystallization of silicon in 
the present invention disclosed in the present specification at a high temperature as much 
as possible. 

When the Coming 1737 glass substrate (distortion point: 667°C) is used for 
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instance, the higher gettering effect can be obtained when the temperature in gettering 
nickel element by forming the thermal oxide fihn is 700°C rather than when it is 650°C. 

However, if the heating temperature for forming the thermal oxide film is set at 
700°C using the Coming 1737 glass substrate, the glass substrate deforms as a result. 

The present embodiment provides means for solving this problem. That is, 
accordmg to the arrangement shown in the present embodiment, the glass substrate is 
placed on a lapping plate which is formed of quartz whose flatness is guaranteed and the 
heat treatment is performed in this state. 

Thereby, the flatness of the softened glass substrate is maintained by the flatness 
of the lapping plate. It is noted that it is also important to perform cooling hi the state 
in which the glass substrate is placed on the lapping plate. 

The adoption of such arrangement allows the heat treatment to be performed even 
if it is at the temperature above the distortion point of the glass substrate. 
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WHAT IS CLAIMED IS : 



1 . A method for manufacturing a semiconductor device comprising the 
steps of: 

forming a semiconductor film on an insulating surface; 
5 forming a semiconductor island having a tapered shape by patterning 

said semiconductor film, said tapered shape having an angle within a range of 20 °to 
50°between a side thereof and an underlying surface; and 

irradiating a laser light to said semiconductor island. 

2. A method according to claim 1 , wherein said semiconductor film is 
10 crystalline semiconductor film. 

3 . A method according to claim 1 , wherein said patterning is performed 
by an isotropic dry etching method. 

4 . A method for manufacturing a semiconductor device comprising the 
steps of: 

15 forming a semiconductor film on an insulating surface; 

crystallizing said semiconductor film by heating; 
forming a semiconductor island having a tapered shape by patterning 
the crystallized semiconductor film, said tapered shape having an angle within a 
range of 20°to 50°between a side thereof and an underlying surface; and 
20 irradiating a laser hght to said semiconductor island. 

5 . A method according to claim 4, wherein said heating is performed at 
a temperature of 550 to 750° C. 

6. A method according to claim 4, wherein said patterning is performed 
by an isotropic dry etching method. 
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7 . A method for manufacturing a semiconductor device comprising the 
steps of: 

forming a semiconductor film on an insulating surface; 

providing a crystaUization promoting material onto said 
semiconductor film; 

crystalhzing said semiconductor film by heating; 

forming a semiconductor island having a tapered shape by patterning 
the crystalhzed semiconductor film, said tapered shape having an angle within a 
range of 20°to 50°between a side thereof and an underlying surface; and 

irradiating a laser hght to said semiconductor island. 

8. A method according to claim 7, wherein said heating is performed at 
a temperature of 550 to 750 °C. 

9. A method according to claim 7, wherein said patterning is performed 
by an isotropic dry etching method. 

10. A method according to claim 7, wherein said crystahization 
promoting material is selected form the group consisting of Fe, Co, Ni, Ru, Rh, Pd, 
OS, Ir, Pt, Cu and Au. 

11. A method for manufacturing a semiconductor device comprising the 
steps of: 

forming a semiconductor fihn on an insulating surface; 

crystallizing said semiconductor film by a first heating; 

forming a semiconductor island having a tapered shape by patterning 
the crystallized semiconductor film, said tapered shape having an angle within a 
range of 20 "to 50°between a side thereof and an underlying surface; 

irradiating a laser hght to said semiconductor island; and 
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forming a silicon oxide film on a surface of said semiconductor island 
by a second heating. 

12. A method according to claim 11, wherein said first heating is 
performed at a temperature of 550 to 750°C. 

5 13. A method according to claim 11, wherein said patterning is 

performed by an isotropic dry etching method. 

14. A method according to claim 11, wherein said second heating is 
performed at a temperature higher than said first heating. 

15. A method for manufacturing a semiconductor device comprising the 
10 steps of: 

forming a semiconductor film on an insulating surface; 

providing a crystalhzation promoting material onto said 
semiconductor fihn; 

crystallizing said semiconductor film by a first heating; 
1 5 forming a semiconductor island having a tapered shape by patterning 

the crystallized semiconductor fihn, said tapered shape having an angle within a 
range of 20°to 50° between a side thereof and an underlying surface; 

irradiating a laser light to said semiconductor island; and 

forming a silicon oxide film on a surface of said semiconductor island 
20 by a second heating. 

16. A method according to claim 15, wherein said first heating is 
performed at a temperature of550to750°C. 

17. A method according to claim 15, wherein said patterning is 
performed by an isotropic dry etching method. 
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18. A method according to claim 15, wherein said second heating is 
performed at a temperature higher than said first heating. 

19. A method according to claim 15, wherein said crystallization 
promoting material is selected form the group consisting of Fe, Co, Ni, Ru, Rh, Pd, 

5 OS, Ir, Pt, Cu and Au. 

20. A method for manufacturing a semiconductor device comprising the 
steps of: 

forming a semiconductor film on an insulating surface; 
providing a crystallization promoting material onto said 
10 semiconductor film; 

crystallizing said semiconductor film by a first heating; 
forming a semiconductor island having a tapered shape by patterning 
the crystallized semiconductor film, said tapered shape having an angle within a 
range of 20°to 50° between a side thereof and an underlying surface; 
1 5 irradiating a laser hght to said semiconductor island; and 

reducing said crystalUzation promoting material existing within said 
semiconductor island by a second heating. 

21. A method according to claim 20, wherein said first heating is 
performed at a temperature of 550 to 750°C. 

20 22. A method according to claim 20, wherein said patterning is 

performed by an isotropic dry etching method. 

23. A method according to claim 20, wherein said second heating is 
performed at a temperature higher than said first heating. 
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24. A method according to claim 22, wherein said second heating is 
performed in an atmosphere containing halogen gas. 

25. A method according to claim 22, wherein said crystallization 
promoting material is selected form the group consisting of Fe, Co, Ni, Ru, Rh, Pd, 
OS, Ir, Pt, Cu and Au. 
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Abstract 

Concentration of metal element which promotes crystallization of silicon and which 
exists within a crystalline silicon fihn obtained by utilizing the metal element is reduced. 
A first heat treatment for crystallization is performed after introducing nickel to an 
amorphous silicon fihn 103. Then, laser light is irradiated to diffuse nickel element 
which is concentrated locally. After that, another heat treatment is performed within an 
oxidizing atmosphere at a temperature higher than that of the previous heat treatment. 
At this time, HCl or the like is added to the atmosphere. A thermal oxide fihn 106 is 
formed in this step. At this time, gettering of the nickel element into the thermal oxide 
fihn 106 takes place. Then, the thermal oxide fihn 106 is removed. Thereby, a 
crystalline silicon fihn 107 havmg low concentration of the metal element and a high 
crystallinity can be obtained. 
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